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ABSTRACT
Wide losses of Posidonia oceanica led some authors to suggest this species showed evidence of decline in a global scale. Our 
aim was to survey the long-term evolution of a healthy and mature meadow of Posidonia oceanica at Tabarca Island (SE, Spanish 
coast). We surveyed cover and density at three depths (-4, -12 and -20m) and the dynamics at border meadows (erosion fronts 
vs adjacent edges) by one transect laid from -0,5m to -12m depth. Sexual reproduction as a repair mechanism was tested by 
monitoring the survival of seedling in five random sites. At each sampling site, sea-bottom roughness was estimated. Density and 
cover at  sampling depths of -12 and -20 m were steady for 22 years (1988-2010), but both descriptors significantly decreased 
at upper limit (-4m) in 2010. Erosion fronts measured on transect went back -0.87±0.75 m y-1, though this fact was compensated 
by the progress of its adjacent edges in 0.6±0.69 m y-1. Density of survival seedlings has maintained a steady state for two years 
after settlement and it was strongly correlated with sea-bottom roughness. Our results suggest P. oceanica meadows of Tabarca 
Island could have remained stable long-term. But we detected “hot areas”, such as those placed in upper limit or in erosion fronts, 
where likely a quick decline by natural causes (e.g. waves) was offset by natural repair mechanisms (e.g. settlement of seedlings 
and vegetative growth).
RESUMEN
Amplias perdidas de praderas de Posidonia oceanica condujeron a algunos autores a sugerir que esta especie mostraba evi-
dencias de un declive a escala global. Nuestro objetivo fue estudiar la evolución a largo plazo de una pradera madura y sana 
de Posidonia oceanica de la Isla de Tabarca (costa SE de España). Medimos la cobertura y densidad en tres profundidades (-4, 
-12 y -20 m) y la dinámica en el borde de la pradera (frentes de erosión frente a los bordes adyacentes) mediante un transepto 
establecido  desde -0,5 a -12 m de profundidad. Se comprobó además, si la reproducción sexual funcionaba como un meca-
nismo de reparación de las praderas, mediante la monitorización de la supervivencia de plántulas en cinco sitios aleatorios. La 
rugosidad del fondo marino se estimó en cada sitio de muestreo. Las densidades y coberturas en las profundidades de -12 y 
-20 m fueron estables durante 22 años (1988-2010); aunque ambos descriptores disminuyeron significativamente en el limite 
superior (- 4 m), en 2010. Los frentes de erosión retrocedieron en el transepto fijo -0.87±0.75 m a-1, aunque este hecho fue 
compensado por el progreso de su borde adyacente con 0.6±0.69 m a-1 de nueva pradera. La densidad de las plántulas super-
vivientes se mantuvo estable durante dos años después de su enraizamiento y se encontró fuertemente correlacionada con la 
rugosidad del fondo marino. Nuestros resultados sugieren que las praderas de P. oceanica de la isla de Tabarca permanecieron 
estable durante un largo periodo. Aunque, hemos detectado “áreas calientes”, como aquellas situadas en el límite superior o 
en los frentes de erosión, donde probablemente un rápido declive causado por causas naturales (por ejemplo olas) fue seguido 
por mecanismos de reparación natural (por ejemplo asentamiento de plántulas y crecimiento vegetativo).
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INTRODUCTION
One in five seagrass species is now listed as 
endangered, vulnerable, or near threatened, having a 
heightened risk of extinction under the IUCN Red List 
Criteria (Short et al. 2011). Posidonia oceanica is an 
endemic seagrass which spreads for 25000-50000 km2 
on sea bottom of Mediterranean Sea. It is responsible for 
very important ecological functions such as to support 
one of richest ecosystems on the earth, oxygenating 
surrounding water, trapping sediments or protecting 
littoral from energy of waves (Gacia et al. 1999, Gacia & 
Duarte 2001, Serrano et al. 2012). Their meadows do not 
reach the threshold to be considered at risk of extinction 
according to above-mentioned criteria; although it was 
estimated that they are decreasing by 5% per year (Short 
et al. 2011). Decreasing has been attributed to mechanical 
damage from trawling (Martín et al. 1997, González-
Correa et al. 2005) and anchoring (Francour et al. 1999, 
Milazzo et al. 2004), coastal development (Fernández-
Torquemada et al. 2005, Leriche et al. 2006, González-
Correa et al. 2008) and eutrophication (Pérès and Picard 
1975, Díaz Almela et al. 2008(a), Holmer et al. 2008). 
Wide losses of this species led some authors to suggest 
that P. oceanica showed evidence of decline on a global 
scale (Pérès 1984, Marbà et al. 1996 a, Jordá et al. 2012). 
Conversely, González Correa et al. (2007 a) proposed that 
decline was restricted only to damaged areas by local or 
medium-scale impacts. It was based on shoot dynamics 
assessment in six pristine areas around the Mediterranean 
Sea, free of impacts, which showed good health.
An important handicap for the study of temporal 
trends in P. oceanica meadows is the slow vegetative 
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Figure 1:
Situation of Tabarca Island in Western Mediterranean. T depicts transect laid from surface to -12 m depth in order to assess dynamics of borders. 
D1, D2, D3 depict  sampling sites at -4, -12 and -20 m respectively, where shoot dynamics of meadow was evaluated. S1, S2, S3, S4 and S5 are 
samplings sites in upper limit where the viability of seedling settlement was tested in order to check its role as repair mechanisms.
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growth. In fact, it is the slowest among seagrasses 
around the world, with averages of horizontal growth 
of 4.5±0.6 to 8.6±0.7 cm year-1 and averages of global 
recruitment rates for a primary plagiotropic rhizome 
between 2.1±0.4 to 4±0.7 shoots year-1 (González Correa 
et al. 2007a). Consequently, if P. oceanica meadows are 
free of strong impacts responsible for quick changes, 
sensitive changes due to light trends are detected only 
by long-term monitoring (c.a. > 20 years). 
To solve this problem, indirect techniques based 
on age structure of vertical shoots (Duarte et al. 1994) 
have often been used (Marbà et al. 1996 a, Olesen 
et al. 2002, Brun et al. 2006), but its accuracy has 
been questioned versus direct techniques (Ebert et al. 
2002, Ebert & Williams 2003, Fourqurean et al. 2003, 
González-Correa et al. 2007b). Unfortunately, direct 
techniques have been scarcely used in population 
dynamics literature because a continuous sampling 
effort over many years is necessary. Hence, reliable 
studies about long-term trends in healthy P. oceanica 
meadows are very scarce (Peirano et al. 2011), as well 
as, for others template, (Bull et al. 2012, Lobelle et 
al. 2013) and tropical (Rasheed and Unsworth 2011) 
species.
On the other hand, studies about analysis of trends 
of P. oceanica meadows did not pay attention to the 
role of sexual reproduction, as it was considered that 
vegetative growth is the main mechanism responsible 
for maintaining P. oceanica meadows (Marbà & Duarte 
1998). In fact, survival of seedling into mature P. 
oceanica meadows, with high shoot densities, is very 
unlikely (Domínguez et al. 2012). But, if seed settling 
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Figure 2:
Comparison of erosion fronts and edges locations between 1990 and 2010. Sticks are depicted by vertical bars labelled with capital letters.
Dotted vertical bars depict lost sticks.
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Figure 3:
Evolution of 1) shoots density and 2) live P. oceanica cover at -4m, -12m and -20 m during the study time (1988, 1993, 1995, 2010). Bars depict 
standard deviation (shoot densities n=15; cover n=4).
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is into small patches of P. oceanica (1 to 150 shoots; 
Díaz Almela et al. 2008b, Domínguez et al. 2012) or into 
depositional micro-environments (substrate depressions, 
algal turfs; Balestri & Lardicci 2008), then recruitment 
is successful.
Here, our aim was to survey the long-term evolution 
of a mature meadow free of anthropogenic impacts. We 
hypothesized that a protected and mature P. oceanica 
meadow would stay steady in a long-term scale, as 
opposed to general decreasing trend (5 % per year, Short 
et al. 2011). In addition, we proposed that stable state is 
based on repair mechanisms. Dynamics population of 
meadow was checked by direct techniques: i) dynamics 
in erosion front was tested following its evolution in 
relation with demarcation sticks for 20 years; ii) shoot 
population dynamics, in inner P. oceanica meadows, was 
surveyed by shoot densities and cover measurements for 
22 years; iii) viability of settled seedlings at upper limit 
was assessed for two years in order to check its role as 
repair mechanisms. In addition, sea-bottom roughness 
was linked to final survival seedlings density.
MATERIAL AND METHODS 
Study area and origin of historical data
The study was carried out on Nueva Tabarca Island 
(SW, Mediterranean Sea, Figure 1), where the P. oceanica 
meadow constitutes the predominant benthic assemblage. 
It has not suffered sensitive impacts during study time 
because Tabarca Island became the first Marine Protected 
Area in the Spanish coast in 1986. Our research group 
was responsible for earlier protection actions and carried 
out initial surveys (Ramos 1985, Sánchez Lizaso 1993) 
thus, we had a series of unpublished historic data, which 
allowed us a long-term comparison of state of P. oceanica 
meadow.
Assessment of P. oceanica meadow evolution
Dynamics of borders was checked by a 210 meters 
length transect that spread from -0.5 m to -12 m depth 
(Figure 1). It descended on successive terraces, separated 
by jumps, or erosion fronts, which ranged from 2 m to 0.5 
m (Figure 2). These erosion fronts were considered “hot 
areas” for meadow dynamics, so we marked them in 1990 
by two 1.5 m length sticks, at each jump (-1.5, -3, -5, -12 
m): one stick was hammered into the base of the erosion 
front and the other one into the edge of contiguous P. 
oceanica terrace (Figure 2). In 2010, distances between 
sticks and P. oceanica meadows were measured and they 
were considered positive (progressive) if the meadow 
exceeded the sticks and negative (regressive) if plants 
receded.
Shoot population dynamics at inner meadow was 
surveyed at micro-scale by shoot densities and at medium-
scale by cover measurements in three depths: -4, -12 and 
-20 m (Figure 1). At each depth, shoot density and live  P. 
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Figure 4:
Mean settled seedlings density at each site as a function of roughness. A linear regression is shown. Bars depict standard deviation (n=4).
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oceanica cover was estimated by 15 random plots (40x40 
cm) and four transects of 25 meters length respectively. It 
was conducted in 1988, 1993, 1995 and 2010.
Assessment of sexual reproduction as repairing 
mechanism
In spring 2004, there was a seed production peak 
at the Western Mediterranean Sea (Díaz Almela et al. 
2006). This strong peak of seedlings was used to evaluate 
whether sexual reproduction had a repair role of gaps 
into upper limit of P. oceanica meadow. Surveys were 
performed in eight randomised sampling times for two 
years; at each time, five random sites around Tabarca 
Island (-4 m depth) were sampled (Figure 1) and at each 
site, survival seedling density was estimated by four 
random rectangles of 10x1 m. In addition, at each site, 
roughness of sea bottom was estimated by randomly 
laying, three times, a 10-meter chain on outline of sea 
bottom. Linear distance between the beginning and the 
end of chain (DBE) was measured. The ratio 10/DBE 
represented an estimation of sea-bottom roughness.
Statistical analysis
A two tailed paired t-test was used to check the 
evolution of both erosion fronts and its adjacent 
meadows. Each paired comparison was composed of the 
measurement taken in 2010 and zero, representing the 
initial position of P. oceanica meadow with respect to the 
sticks (in 1990).
To assess inner dynamics of meadows, two-way 
ANOVA was applied to test for significant differences 
in shoot density and cover of P. oceanica meadow. 
Two factors were comprised into the model: Time 
(four levels, fixed and orthogonal) and Depth (three 
levels, fixed and orthogonal).Two-way ANOVA was 
also applied to test for significant differences in settled 
seedlings density considering as factors: Time (eight 
levels, random and orthogonal) and Site (five levels, 
random and orthogonal). When the factors showed 
significant differences, the Student-Newman-Keuls test 
was used for posteriori pairwise comparisons. Before 
analysis, Cochran s´ test was used to test homogeneity of 
variance for all variables. 
Finally, linear regression was used to assess whether 
settled seedlings density was related with sea-bottom 
roughness. The significance of the linear regression 
model was tested by mean of ANOVA. The analyses of 
residuals confirmed the goodness-of-fit of the model. 
Finally, linear regression was used to assess whether 
settled seedlings density was related with sea-bottom 
roughness. The significance of the linear regression 
model was tested by mean of ANOVA. The analyses of 
residuals confirmed the goodness-of-fit of the model.
RESULTS
Border of P. oceanica meadows showed a equilibrium 
dynamics: erosion fronts move back an average of 
-0.87±0.75 m y-1; but its adjacent edges move forward 
an average of 0.6±0.69 m y-1 (Figure 2). As a result, no 
significant differences were found in whole dynamics of 
P.oceanica meadow borders (t9=0.140, p=0.892).
Density (Figure 3.1) and cover (Figure 3.2) of live 
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Table 1: Results from the two-way ANOVA applied to assess the evolution of shoot density and cover of live P. oceanica meadow during sampling 
times (1988, 1995, 1993 and 2010) and  three depths (-4, -12 and -12 m). Post hoc analysis SNK was used to identify homogeneous values in significant 
interaction Time x Depth.
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Source d.f. M.S. F F-versus 
Time 3 9.65 1.44n.s Residual 
Depth 2 2537.67 379.04*** Residual 
Time × Depth 6 27.69 4.14*** Residual 
Residual 168 6.70   
Total 179    
SNK (Time × Depth) Shoot densities at -4m depth in relation with time:  
(1993=1995=1988)>2010 
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P.
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Time 3 121.38 0.92n.s. Residual 
Depth 2 1143.07 8.63n.s. Residual 
Time × Depth 6 818.12 6.17*** Residual 
Residual 36 132.52   
Total 47    
SNK (Time × Depth) Cover of live P. oceanica at -4m depth in relation 
with time:  (1993=1995=1988)>2010 
d.f.: degrees of freedom; M.S.: mean square; F: F ratio. Significance level: *** = p<0.001, n.s. = not 
significant. 
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P. oceanica did not change significantly for 22 years at 
medium and deep meadows (-12 and -20m), however, 
both descriptors showed a significant decrease at shallow 
meadows (-4m) in 2010 (Table 1). 
Survival seedlings density did not show significant 
differences among sampling times, remaining steady for 
two years post the seedling peak event. Interaction of 
survival seedlings in time with sites was significant (Table 
2). Additionally, the final survival seedlings density was 
strongly correlated with sea-bottom roughness (Figure 4).
DISCUSSION
The P. oceanica meadow, in middle and deep sampling 
areas, remained stable for 22 years; but it regressed at 
shallow sampling areas, where shoot density and live P. 
oceanica cover decreased in 2010.  We think stability 
could be linked to the marine protection status and to 
intrinsic components of P. oceanica. This is a long-lived 
species, which has demonstrated how intrinsic factors, 
such as resource storage and its re-allocation among 
modules, can buffer external environmental forcing. 
Conversely, responses of small seagrasses amplify 
external environmental forcing (Marbà et al. 1996 b). 
This strong resilience, let settling healthy meadows 
when they are protected against direct anthropogenic 
impacts such as it was demonstrated in eight P. oceanica 
meadows around Mediterranean Sea (Gonzalez-Correa 
et al. 2005).
We attribute regression to damages by strong storms 
events, because no known anthropogenic impacts had 
taken place in this Marine Protected Area during the 
study time (wastes, anchoring out of anchor areas, etc.) 
and, in addition, high quantities of P. oceanica debris was 
normally accumulated on coastline for whole study time 
(Mateo et al. 2003). Physical disturbances are one of the 
major mechanisms to generate favourable conditions for 
recruitment, growth and reproduction. Disturbances not 
only reduce or eliminate the cover of resident organisms, 
thereby lessening competition for resources that are 
present on the site (Sousa 1984). In this sense, the success 
of seeds settling has been linked to sea bottom with 
null or reduced P. oceanica density (Díaz Almela et 
al. 2008b, Domínguez et al. 2012) and to sheltered 
microstructure of sea bottom such as substrate depression 
or algal turfs (Balestri et al. 2008). We attribute to coastal 
hydrodynamics two kinds of effects on P. oceanica 
meadows: gaps into shallow meadows and regression at 
erosion fronts. New gaps constituted an ideal settlement 
area, such as was demonstrated by the perdurable seedling 
settlement reported for two years in this study after 
flowering peak of 2003, especially on high roughness 
sea bottom. Records of flowering events at short-term 
scales are irregular in space and time, but it becomes a 
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Table 2: Results from the two-way ANOVA applied to test for significant differences among sampling times and sites in settled seedlings density in upper 
limit of P. oceanica meadow around Tabarca Island.
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Source d.f. M.S. F F versus 
Time 7 0.2594 0.7n.s. Time x Site 
Site 4 4.1057 11.12***  Time x Site 
Time x Site 28 0.3692   2.61*** Residual 
Residual 120 0.1414   
Total 159    
SNK´s test 
Sites Times 
S1 J4 A4 N4 D4 F5 A5 J5 N6 
S2 J4 A4 N4 D4 F5 A5 J5 N6 
S3 J4 A4 N4 D4 F5 A5 J5 N6 
S4 A4 N4 J4 F5 J5 D4 N6 A5 
S5 D4 J4 N6 J5 A5 A4 N4 F5 
d.f.: degrees of freedom; M.S.: mean square; F: F ratio. Significance level: *** = p<0.001, n.s. = not 
significant. 
Times codification: J4= June 2004, A4= August 2004, N4= November 2004, D4= December 2004, F5= 
February 2005, A5=  April 2005, J5= June 2005, N6= November 2006. 
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sampling times and sites in settled seedlings density in upper limit of P. oceanica meadow around 
Tabarca Island. 
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relevant event when we consider long-term scales. As 
an example, five massive flowerings linked to summer 
temperature peaks were reported by Díaz Almela et al. 
(2006) around Western Mediterranean Sea in 30 years 
(1973-75, 1982-83, 1992-94, 2001 and 2003). Focusing 
on Tabarca Island, light events of flowerings occurred in 
1976, 1979, 1983, 1987, 1989 and 1992, with flowering 
intensity (f.i.) of 0.6% at 4 m, 0.7% at 12 m and 3.4% at 
19 m respectively (Sánchez Lizaso 1993). In addition to 
these light events, two strong flowerings were recorded 
at Tabarca Island: in 1986 (22.5% f.i.; Sánchez Lizaso 
1993); and in 2003 (direct observation by authors). As a 
consequence, at large-temporal scale, sexual reproduction 
could be considered an important repairing mechanism. 
Repairing role of sexual recruitment has been allocated 
as a common strategy for accelerating recovery in some 
terrestrial shrubs and herbs after canopy removal (Hughes 
& Fahey 1991).  We think that shallow meadow showed a 
long-term equilibrium dynamics: rough weather would 
cause the regression of erosion fronts and would generate 
gaps; whereas seeds settling speeded up its reparation. 
Settling of vegetative fragments of P. oceanica has 
been attributed by literature as repairing mechanism 
too, especially in strong roughness bottom (Di Carlo et 
al. 2005). The height of erosion fronts was up to 2 m 
(Figure 2); which would constitute a significant obstacle 
for vegetative fragments and it would promote their 
settling. 
Findings of erosion front transect suggest coastal 
hydrodynamics forces could modify erosion fronts 
position. They had an average regression of -0.87±0.75 m 
y-1, but this was compensated by an average progression of 
0.6±0.69 m y-1 in its adjacent edges. We think regression 
and progression could follow a discontinuous sequence: the 
front would be eroded for a long term by hydrodynamics 
forces, until they collapsed as consequence of a strong 
event (i.e. a storm). Thereafter, fallen plants would form 
an unstable slope such as we observed in “M” stick 
(Figure 2). Some of these plants would disappear by 
hydrodynamics erosion because they were not solidly 
anchored and, as consequence, a new erosion front 
would be formed in a rearmost position. However, other 
ones would take root and become part of the new edge 
promoting a significant leap forward, helping the natural 
vegetative recovery of edge plants. 
Our results suggest P. oceanica meadows of Tabarca 
Island could have remained stable on the long-term. But 
we detected “hot areas”, such as those placed in upper 
limit or in erosion fronts, where likely a quick decline by 
natural causes (e.g. waves) was offset by natural repair 
mechanisms (e.g. settlement of seedlings and vegetative 
growth).
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